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Purpose: Pancreatic cancer (PC) is a malignancy with poor prognosis and controversial 
treatment options. Long non-coding RNA (lncRNA) is a significant factor in the develop
ment of PC. In the current study, the possible effects of HOTAIR on the epithelial– 
mesenchymal transition (EMT) of PC and the related mechanisms were investigated.
Methods: The PC models were induced by 10 mg/100 g dimethylbenzoanthracene 
(DMBA) in pancreas. Mice were injected with the HOTAIR mimic and HOTAIR 
shRNA to determine the role of HOTAIR in PC. Subsequently, the expression of 
HOTAIR in PC cells was assayed. To determine the mechanism of HOTAIR in PC, 
human PC cell line PANC-1, Miapaca-2 and human normal pancreatic ductal epithelial 
cell line HPDE6-C7 were transfected with the HOTAIR mimic, the shRNA against 
HOTAIR, the Wnt/b-catenin activator (LiCl), and the Wnt/b-catenin inhibitor 
(XAV939), respectively. Moreover, the expressions of the Wnt/β-catenin signaling path
way-related genes (β-catenin, cyclinD1, c-myc, LEF-1 and c-Jun) and the levels of the 
EMT markers (E-cadherin, N-cadherin and Vimentin) were determined. Finally, the cell 
biological processes were evaluated by functional experiments.
Results: HOTAIR was found to be highly expressed in the PC cells in mice. The expression 
of β-catenin, cyclinD1, c-myc, LEF-1 and c-Jun, N-cadherin and Vimentin was found to be 
decreased, while the expression of E-cadherin was found to be increased subsequent to the 
silencing of HOTAIR in human PC cell lines PANC-1 and Miapaca-2. Additionally, it was 
observed that the silencing of HOTAIR could inhibit the Wnt/β-catenin signaling pathway to 
alleviate EMT of tumor cells and inhibit the capacities of cell proliferation, migration, and 
invasion.
Conclusion: The key finding of the present study is that the silencing of HOTAIR could 
potentially inhibit EMT and growth of PC through the Wnt/β-catenin signaling pathway, 
providing a novel therapy for PC.
Keywords: long non-coding RNA, HOTAIR, Wnt/β-catenin signaling pathway, epithelial– 
mesenchymal transition, pancreatic cancer

Introduction
Pancreatic cancer (PC) is fatal disease with the reported survival rate of less than 
5% in the last 5 years.1 PC patients usually suffer from abdominal and back pain, 
fatigue, weight loss, cachexia and cholestasis.2 Additionally, obesity is reported to 
be a significant contributing factor to the development of PC.3 The extensive 

Correspondence: Lijun Shi  
Department of Gastroenterology, The 
First Affiliated Hospital of Harbin Medical 
University, No. 23, Youzheng Street, 
Harbin, Heilongjiang Province, 150001, 
People’s Republic of China  
Tel +86-0451-85555119  
Email 1440588495@qq.com

submit your manuscript | www.dovepress.com Cancer Management and Research 2021:13 3247–3257                                                   3247

http://doi.org/10.2147/CMAR.S265578 

DovePress © 2021 Tang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Cancer Management and Research                                                       Dovepress
open access to scientific and medical research

Open Access Full Text Article

C
an

ce
r 

M
an

ag
em

en
t a

nd
 R

es
ea

rc
h 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/ o

n 
06

-M
ar

-2
02

2
F

or
 p

er
so

na
l u

se
 o

nl
y.

mailto:1440588495@qq.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


widespread metastasis is also a significant factor contribut
ing to the poor survival rates of PC.4 Additionally, adju
vant chemotherapy but not chemoradiotherapy was 
considered to be the only effective treatment in PC.5 The 
survival of PC patients is low as most PC patients are 
diagnosed in the advanced stages.6 Considering the poor 
prognosis and limited treatment of PC, it is imperative to 
determine novel treatment strategies for PC.

Furthermore, recent studies have displayed that long 
non-coding RNA (lncRNAs) are enrolled in many biological 
process and cancers.7 HOTAIR, transcribed from the 
homeobox C gene locus in chromosome 12, was found to 
play a significant role in chromatin-modifying enzymes and 
gene silencing.8 Additionally, HOTAIR has also been estab
lished to play an important role in prediction of tumor 
prognosis and enhancement of oncogenic activity.9 

Furthermore, another previously conducted study showed 
HOTIAR silencing also played an important role in attenu
ating tumor growth in PC.10 The Wnt/β-catenin signaling 
pathway was established to be the most conserved intercel
lular signaling cascade that involved in tumor progression.11 

It functioned in regulating cell growth, development and 
differentiation of normal stem cells.12 Moreover, it has 
been revealed that Epithelial-to-mesenchymal transition 
(EMT) produced invasive, migratory cells, therefore 
involved in cell metastasis.13 It has been found that imida
zothiadiazoles exhibits potential antiproliferative function, 
which is mediated through EMT.14 Additionally, another 
recent study suggested that EMT promotes the escape of 
PC cells from the primary tumor site, thereby promoting the 
cell metastasis in PC,15 and that the Wnt/β-catenin signaling 
pathway silencing also had close correlation with EMT 
attenuation in PC,16 while its activation enhanced tumori
genicity of PC.17 Furthermore, the Wnt/β-catenin signaling 
pathway has been established to contribute to the drug 
resistance in resistance cancer stem cells.18 On the basis of 
the abovementioned findings the current study speculated 
that there may be mechanism of HOTIAR in EMT in PC 
through the mediation of the Wnt/β-catenin signaling path
way, and it might provide theoretical basis for novel PC 
treatment. The present study aimed to confirm the effects 
of HOTAIR on EMT of PC and the related mechanisms.

Materials and Methods
Ethics Statement
The study was approved by the ethics committee of The 
First Affiliated Hospital of Harbin Medical University and 

carried out in strict accordance with the recommendations 
in the Guide for the Care and Use of Laboratory Animals. 
Extensive efforts were made to reduce suffering of all 
included animals.

Model Establishment
Thirty clean C57BL/6 mice weighted 22–25 g, were 
obtained from the Shanghai laboratory animal center of 
Chinese Academy of Sciences, Shanghai, China and were 
fed under standard feeding conditions. Subsequently, 24 
mice were enrolled for the establishment of the PC model 
and the remaining 6 mice were taken for sham operation. 
Following 24 h starvation prior to the operation, 2% pen
tobarbital sodium was injected intraperitoneally into the 
mice as anesthesia (1.5 mL/kg). A 1.5 cm abdominal 
incision was subsequently made on all the selected mice 
prepared for modeling. Subsequent to the full exposure of 
the pancreas, the capsula and some pancreatic parenchyma 
were carefully cut from the mouse body and the tail of 
pancreas (about 2 mm in depth), which were then placed 
in 10 μL (100 mg/mL) 7.12-dimethylbenzanthracene 
(DMBA, Sigma, St Louis, MO, USA). Following this, 
the capsula pancreatitis and the abdominal wall were 
sutured, and the mice were incubated in normal 
conditions.19 The capsula pancreatitis, parenchyma inci
sion and the capsula pancreatitis suture were conducted on 
the 6 sham operated mice. The 24 PC mice were subse
quently grouped into the blank control, negative control 
(NC), HOTAIR overexpression, and shRNA against 
HOTAIR, with 6 mice in each group. The spirit, diet and 
activity of the mice were observed, and mice were subse
quently euthanized for autopsy at the fifth month following 
the operation. If any of the mice died naturally during the 
experiment, autopsy was performed immediately.

Plasmid Transfection
The pc-HOTAIR overexpressed plasmid, sh-HOTAIR 
plasmid and empty vector were constructed based on the 
HOTAIR sequence (Gene ID: 83286748). Subsequently, 
300 μg plasmid and 600 μg stearylamine (SA) liposomes 
were mixed and dissolved in 1 mL normal saline, then 
placed at room temperature for the duration of 30 min. The 
SA liposome plasmid complex was then injected into the 
abdominal cavities of the mice.

Hematoxylin-Eosin (HE) Staining
The pancreatic tissues were fixed in 10% formalin (Sigma, 
St Louis, MO, USA) for the duration of 16 −18 h, and then 
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paraffin-embedded and sliced. Subsequently, the resultant 
sections were stained with HE and the pathological 
changes were observed under an optical microscope.

Cell Culture
The human PC cell lines PANC-1, Miapaca-2 and human 
normal pancreatic ductal epithelial cell line, (Cell bank of 
Chinese Academy of Sciences, Shanghai, China) were 
incubated in the Dulbecco’s Modified Eagle Medium 
(DMEM) (Gibco, Grand Island, NY, USA) which con
tained 100 U/mL penicillin, 100 U/mL streptomycin and 
10% fetal bovine serum (FBS, Gibco, Grand Island, NY, 
USA) in 5% CO2 at the temperature of 37°C. The sub
culture was conducted every 2–3 days when the cell con
fluence reached 70–90%. The cells were then treated with 
or without the pc-HOTAIR overexpression plasmid, the 
sh-HOTAIR, the empty vector, 10 mM lithium chloride 
(Lic1, Wnt/β-catenin activator, Sigma, St Louis, MO, 
USA) or 1 μM XAV939 (Wnt/β-catenin activator Sigma, 
St Louis, MO, USA). The Lipofectamine TM 2000 trans
fection reagent (Invitrogen, Carlsbad, CA, USA) was 
employed for plasmid transfection.

RNA Isolation and Quantitation
The total RNA in the PC tissues was extracted using the 
TRIzol reagent (Invitrogen, Carlsbad, California, USA) 
and 1 μg total RNA was employed for reverse transcrip
tion. The reverse transcriptase Moloney Murine Leukemia 
Virus (M-MLV), ribonuclease (RNAase) inhibitor RNasin 
and deoxyribonucleoside triphosphates (dNTP) were pur
chased from Promega (Promega, Madison, WI, USA). 
Additionally, the Applied Biosystems Step Two Real- 
time PCRT system (Applied Biosystems Inc., Foster City, 
CA, USA) was used for the RT-qPCR analysis (SYBR- 
Green were purchased from Sigma, St Louis, MO, USA). 
Furthermore, glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) was considered as the internal reference. The 
primer sequences for the RT-qPCR analysis are shown in 
Table 1. Moreover, the Master Mix (Toyobo, Toyobo Co. 
Ltd., Japan) was employed for the detection and semi- 
quantitation of the expression of the target genes. The 
relative expression of the target genes was calculated by 
the 2−ΔΔCt formula.

Western Blot Analysis
The Trizol reagent (Invitrogen, Carlsbad, California, USA) 
was used to extract the total protein. Subsequently, 1% to 5% 
sample was collected and transferred onto a polyvinylidene 

fluoride (PVDF) membrane following a 10% sodium dode
cyl sulfate-polyacrylamide-polyacrylamide gel electrophor
esis (SDS-PAGE). Following this, the membrane was sealed 
using the Tris-buffered Saline with Tween 20 (TBST) which 
contained 5% bovine serum albumin (BSA). Consequently, 
primary antibodies E-cadherin (1:100, ab76055), N-cadherin 
(1:500, ab98952), Vimentin (1:100, ab8978) and GAPDH 
(1:500, ab8245) (Abcam Inc., Cambridge, MA, USA) were 
added to the membrane at the controlled temperature of 4°C 
overnight. The unbound primary antibodies were then 
washed off, following which the secondary antibody 

Table 1 Primer Sequences of RT-qPCR

Genes Primer Sequences

Homo HOTAIR F: 5ʹ-CCAAACAGAGTCCGTTCAGTG-3ʹ
R: 5ʹ-TACACAAGTAGCAGGGAAAGG-3ʹ

Mus HOTAIR F: 5ʹ-CAAGTCTGCAGGGGAGTCAG-3ʹ
R: 5ʹ-AGGACTTAGCGCTGGCATTT-3ʹ

Homo β-catenin F: 5ʹ-GCTGATTTGATGGAGTTGGA-3′
R: 5ʹ-TCAGCTACTTGTTCTTGAGTGAA-3′

Mus β-catenin F: 5ʹ-AAAGTAGAGTGATGAAAGTTGTT-3′
R: 5ʹ-CACCATGTCTCTTGTCTATTC-3′

Homo cyclinD1 F: 5ʹ-GGATGCTGGAGGTCTGCGAG-3′
R: 5ʹ-GAGAGGAAGCGTGTGAGGCG-3′

Mus cyclinD1 F: 5ʹ-GGCAGCCCCAACAACTTC-3′
R: 5ʹ-TCCCGCCTGCCCGGTGG-3′

Homo c-myc F: 5ʹ-TTGCAGCTGCTTAGACGCTG-3ʹ
R: 5ʹ-TTGCAGCTGCTTAGACGCTG-3ʹ

Mus c-myc F: 5ʹ-ACTCCGTACAGCCCTATTTC-3ʹ
R: 5ʹ-TTCA GCTCGTTCCTCCTCT-3ʹ

Homo LEF-1 F: 5ʹ-CTACCACGACAAGGCCAGAG-3ʹ
R: 5ʹ-CAGTGAGGATGGGTAGGGTTG-3ʹ

Mus LEF-1 F: 5ʹ-GCAGCTATCAACCAGATCC-3ʹ
R: 5ʹ-GATGTAGGCAGCTGTCATTC-3ʹ

Homo c-Jun F: 5ʹ-ATGACTGCAAAGATGGAAACGACC-3ʹ
R: 5ʹ-TGTTTGCAACTGCTGCGTTAGCATG-3ʹ

Mus c-Jun F: 5ʹ-ACTGGGAAGCGTGTTCTG-3ʹ
R: 5ʹ-ACTGCAAAGATGGAAACG-3ʹ

Homo T-actin F: 5ʹ-CCTTCCTGGGCATGGAGTCCT-3ʹ
R: 5ʹ-GGAGCAATGATCTTGATCTT-3ʹ

Mus β-actin F: 5ʹ-GACATGGAGAAGATCTGGCA-3ʹ
R: 5ʹ-GGTCTTTACGGATGTCAACG-3ʹ

Abbreviations: RT-qPCR, reverse transcription quantitative polymerase chain 
reaction; HOTAIR; HOX transcript antisense RNA; LEF-1, lymphoid enhancer 
binding factor 1; c-Jun, Jun proto-oncogene; c-myc, MYC proto-oncogene.
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(Shanghai Beyotime Biotechnology Co. Ltd., Shanghai, 
China) marked by horseradish peroxidase was added. 
Subsequent to incubation, the substrate was added for colora
tion. The results were expressed by the ratio of the gray level 
of the target gene band to GAPDH band.

Cell Counting Kit-8 (CCK-8) Assay
Cells from different treatment groups were placed in each 
well of the 96-well plate (100 μL, 3.0 × 103 cells) and 
cultured for the durations of 24, 48 and 72 h, respectively. 
At each time point, 10 μL CCK-8 (Solarbio, China) was 
added to each well and incubated in the incubator for an 
additional 2 h. The absorbance of each well was measured 
at the wavelength of 450 nm to evaluate the cell 
proliferation.

Transwell Assay
The Transwell assay was used to detect the invasion and 
metastasis capacity of the PC cells subsequent to the over
expression and knockdown of HOATIR. For cell invasion 
experiment, the cells were starved for 4 h, digested with 
trypsin, washed twice with PBS, and then resuspended in 
serum-free medium. The cell density was adjusted to 1 × 
105 cells/mL. The basement membrane of the upper cham
ber was pre-coated with Matrigel (Corning Corporation, 
USA), and then 200 mL of the cell suspension was added, 
following which 500 mL of medium containing 20% 
serum was added to the lower chamber. The cells were 
subsequently cultured for the duration of 24 h. After that, 
the cells in the inner layer of the microporous membrane 
were carefully wiped with a cotton swab. Furthermore, the 
cells were fixed with pre-cooled 4% paraformaldehyde for 
the duration of 30 min. Subsequent to staining with 0.1% 
crystal violet solution, the stained cells were counted 
under an inverted microscope and photographed. The 
mean values of 5 visual fields were randomly selected to 
analyze the differences among groups and construct 
a histogram. The experiment was repeated 3 times to 
obtain variable data for further analysis. The matrigel 
coating was not required in the upper chamber of the 
Transwell chamber to detect cell migration ability, and 
the other operations were identical to that of the cell 
invasion experiments.

Statistical Analysis
The statistical analyses were conducted employing the SPSS 
21.0 (IBM Corp. Armonk, NY, USA). Measurement data 
were expressed as the mean ± standard deviation. The 

comparisons amongst multiple groups were assessed using 
the one-way analysis of variance (ANOVA) followed by the 
Tukey’s post hoc test. Additionally, the cell activity at differ
ent time points was analyzed using the two-way ANOVA. 
p < 0.05 was statistically significant.

Results
PC Model Establishment
The successful modeling rate was 75% for the PC mod
els. The mice were euthanized subsequent to the PC 
model induced by DMBA for 5 months, and HE staining 
was conducted to observe the histomorphological 
changes of the pancreas (Figure 1). The size of the PC 
tissues in mice treated with overexpression HOTAIR 
plasmid was found to be significantly larger in compar
ison to the other groups, while that in the mice treated 
with knockdown HOTAIR plasmid was smaller than that 
in other groups. The pathological examination of the 
mice models of PC was identified as pancreatic ductal 
adenocarcinoma. Furthermore, it was revealed that the 
tumor cells were adenoid, the size of glandular cavity 
and PC cells was different while the cytoplasm was 
eosinophilic. Additionally, the nucleus was located in 
the basal part of the cell with deeper staining, and the 
nuclear isomer was obvious (Figure 1). The aforemen
tioned results indicated that PC mouse model was suc
cessfully established by the DMBA induction, and that 
the silencing of HOTAIR suppressed the proliferation of 
the tumor.

HOTAIR Overexpression Promotes 
Epithelial–Mesenchymal Transition (EMT) 
in PC
The gene expression of E-cadherin, N-cadherin, Vimentin 
was detected using the Western blot analysis. The results 
(Figure 2) revealed that in comparison to the normal cells 
and the cells treated with NC plasmids, the expression of 
E-cadherin was decreased and the expressions of N-cadherin 
and Vimentin were increased in the cells treated with 
HOTAIR (p < 0.05). Additionally, the expression of 
E-cadherin was found to be increased and the expressions 
of N-cadherin and Vimentin were decreased in the cells 
treated with shRNA against HOTAIR (p < 0.05). 
Furthermore, no significant changes were noted in the normal 
cells and the cells treated with NC plasmids (p > 0.05). 
Therefore, it was concluded that the overexpression of 
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HOTAIR could promote EMT in PC, while HOTAIR silen
cing attenuated EMT in PC.

HOTAIR Upregulates the Wnt/β-Catenin 
Signaling Pathway in PC
The Wnt/β-catenin signaling pathway-related gene expres
sion was detected employing the RT-qPCR analysis to deter
mine the role of HOTAIR in PC progression in mice. The 
results (Figure 3) revealed that, in comparison to the cells 
without treatment and cells treated with the empty vector, 
HOTAIR overexpression amplified the expression of β- 
catenin, cyclinD1, c-myc, LEF-1 and c-Jun, while it was 
the opposite when HOTAIR was knocked down (p < 0.05). 
Whereas, there was no significant change noted in the blank 
and the NC groups (p > 0.05). Cumulatively, the abovemen
tioned results indicated that HOTAIR up-regulated the Wnt/ 
β-catenin signaling pathway-related gene expression.

HOTAIR is Up-Regulated in PC Cells and 
Tumor Tissues
The HOTAIR expression in PC cell lines and normal pan
creatic epithelial cells was confirmed using the RT-qPCR 
analysis. The results (Figure 4A) established that the expres
sion of HOTAIR was higher in the Miapaca-2 and PANC-1 
cell lines in comparison to the cells in normal pancreatic 
epithelial (p < 0.05). Furthermore, in the PC mouse model, 
the expression of HOTAIR in the blank control group, the 
NC group and the overexpression group was found to be 
significantly higher than that in the sham operation group 
(Figure 4B). Cumulatively, the present study concluded that 
HOTAIR was highly expressed in PC cells.

HOTAIR Silencing Attenuates EMT in PC
The Western blot analysis was used to detect EMT- 
related gene expression. The results of the analysis 

Figure 1 The PC model establishment was successful as assessed by HE staining.

Figure 2 Overexpressed HOTAIR contributed to the EMT in PC tissues. (A) protein bands of E-cadherin, N-cadherin, Vimentin in each group by Western blot analysis; (B) 
protein levels of E-cadherin, N-cadherin, Vimentin in each group as normalized to GAPDH. *p < 0.05 vs the cells without treatment and cells treated with empty vector.
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revealed that in comparison to the cells without treatment 
and cells treated with the empty vector, E-cadherin was 
increased and N-cadherin and Vimentin were decreased 
in cells treated with HOTAIR shRNA in PANC-1 (Figure 
5A) and Miapaca-2 (Figure 5B) cell lines (p < 0.05). 
Therefore, it was established that the EMT in PC was 
inhibited when HOTAIR was knocked down. 
Subsequently, the cell morphology was observed under 
a light microscopy, and it was found that the cell lines 
overexpressing HOTAIR exhibited interstitial cell mor
phology (Figure 5C). Additionally, the CCK-8 analysis 
was employed to detect the proliferative capacity of the 

two types of cells (PANC-1 and Miapaca-2 cell lines). In 
the cells overexpressing HOTAIR, the OD value was 
significant higher than that in the other groups (p < 
0.05), and it was obvious lower in the cells with 
HOTAIR knockdown than that in the other groups (p < 
0.05, Figure 5D). Moreover, Transwell assay was 
employed to detect the migratory and invasive abilities 
of cells (Figure 5E). In cells overexpressing HOTAIR, the 
migratory and invasive abilities of cells were stronger 
than those in other treatment groups (p < 0.05). The 
above experimental results further confirmed our hypoth
esis that the silencing of HOTAIR could limit the EMT of 
tumor cells and inhibit the abilities of cell proliferation, 
migration, and invasion.

HOTAIR Upregulates the Wnt/β-Catenin 
Signaling Pathway in PC Cells
The expression of genes related to the Wnt/β-catenin sig
naling pathway was determined using the RT-qPCR to 
confirm to correlation between HOTAI and the Wnt/β- 
catenin signaling pathway in PC cells. The results of the 
analysis confirmed that in contrast to the cells without 
treatment and the cells treated with the empty vector, the 
overexpression of HOTAIR increased β-catenin, cyclinD1, 
c-myc, LEF-1 and c-Jun expression, while the β-catenin, 
cyclinD1, c-myc, LEF-1 and c-Jun expression was inhib
ited when HOTAIR was knocked down (p < 0.05) (Figure 
6). According to the aforementioned results, HOTAIR up- 
regulated the Wnt/β-catenin signaling pathway in PC cells 
cultured in vitro.

Figure 3 The expression of β-catenin, cyclinD1, c-myc, LEF-1 and c-Jun was 
enhanced by overexpressed HOTAIR as detected by RT-qPCR. *p < 0.05 vs cells 
without treatment and cells treated with empty vector.

Figure 4 HOTAIR was highly expressed in PC cell lines and tissues. (A) HOTAIR was highly expressed in PC cells. (B) HOTAIR was highly expressed in PC mice tissues. In 
panel A, *p < 0.05 vs cells treated with HPDE6-C7. In panel B, *p < 0.05 vs mice in the sham group.
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Wnt/β-Catenin Signaling Pathway 
Inhibition Attenuates EMT in PC
Western blot analysis was conducted to determine the role 
of the Wnt/β-catenin signaling pathway played in EMT in 
PC. The results (Figure 7) suggested that in comparison to 
the cells without treatment, the expression of E-cadherin 
was decreased and the N-cadherin and Vimentin expres
sion was found to be increased in the cells treated with 
LiC1. Additionally, the expression of E-cadherin was 
found to be increased and the expressions of N-cadherin 
and Vimentin were found to be decreased in the cells 

treated with XAV939 (all p < 0.05). Cumulatively, the 
abovementioned results indicated that the Wnt/β-catenin 
signaling pathway inhibition suppressed EMT in PC.

Discussion
PC is a fatal disease with a high mortality rate and very 
few effective therapies.20 A previous study has displayed 
that the acquisition EMT had close correlation with drug 
resistance in pancreatic cancer cells21 The current study 
further investigated the role of LincRNA HOTAIR in 
EMT in PC through the mediation of the Wnt/β-catenin 

Figure 5 HOTAIR silencing suppressed EMT in PC. (A) protein levels of E-cadherin, N-cadherin, Vimentin in PANC-1 cells treated with oe-HOTAIR mimic or sh-HOTAIR 
by Western blot analysis as normalized to GAPDH; (B) protein levels of E-cadherin, N-cadherin, Vimentin in Miapaca-2 cells treated with oe-HOTAIR or sh-HOTAIR as 
normalized to GAPDH; (C) cell morphology of differently treated cells; (D) CCK-8 proliferation result of PANC-1 and Miapaca-2 cells; (E) migration and invasion results of 
PANC-1 and Miapaca-2 cells. *p < 0.05 vs cells without treatment and cells treated with empty vector.
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signaling pathway. The findings of the present study 
cumulatively suggested that the silencing of HOTAIR 
attenuates EMT in PC by suppressing the Wnt/β-catenin 
signaling pathway.

In the current study, HOTAIR was highly expressed in 
PC cell lines. Recent studies have also revealed that 
lncRNAs are significant factors in the development of 
PC such as lncRNA H19 and lncRNA HOTTIP.22,23 

HOTAIR has been considered as a poor prognostic bio
marker in malignant tumors.24 Additionally, the overex
pression of HOTAIR was regarded as a biomarker in the 
prediction of tumor development in hepatocellular 
carcinoma.25 Furthermore, another recent study showed 
that HOTAIR promoted the cell proliferation by up- 
regulating the insulin-like growth factor 2 expression in 
PC.26 Another previously conducted study has also estab
lished that HOTAIR functioned as a negative factor in PC, 
thereby enhancing the vitality of PC cells.10 Moreover, it 

was found that the TNF-related apoptosis-inducing ligand 
resistance in PC was inhibited by overexpressed 
HOTAIR.27 Therefore, the current study considered that 
HOTAIR participated in PC development.

Furthermore, it was confirmed that the expression of 
β-catenin, cyclinD1, c-myc, LEF-1 and c-Jun was 
decreased when HOTAIR was silenced in PC mice. It 
was further suggested that cyclinD1, c-Myc, and LEF-1 
were downstream genes of the Wnt/β-catenin signaling 
pathway.28 Additionally, abnormal β-catenin expression 
was found commonly in PC, and it was also established 
that it participated in the organogenesis and 
oncogenesis.29 Moreover, a previous study revealed that 
the overexpression of β-catenin contributed to the EMT 
in breast cancer.30 Another study has also suggested that 
β-catenin and Wnt were inhibited when HOTAIR was 
knocked down in hepatocellular carcinoma.31 

Furthermore, a previously conducted study revealed that 

Figure 6 HOTAIR silencing inhibited the Wnt/β-catenin signaling pathway in PC cells. (A) mRNA levels of Wnt/β-catenin signaling pathway-related genes in PANC-1 cell 
line; (B) mRNA levels of Wnt/β-catenin signaling pathway-related genes in Miapaca-2 cell line. *p < 0.05 vs cells without treatment and cells treated with empty vector.

Figure 7 Suppressed Wnt/β-catenin signaling pathway inhibited EMT in PC. (A) protein bands of E-cadherin, N-cadherin, Vimentin in each group by Western blot analysis; 
(B) protein levels of E-cadherin, N-cadherin, Vimentin in each group as normalized to GAPDH. *p < 0.05 vs cells without treatment.
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cyclinD1 was a key regulator in the cell cycle, and that it 
participated in many cancers, such as esophageal squa
mous cell carcinoma and colorectal cancer.32 C-myc was 
a transcription factor, and the silencing of HOTAIR atte
nuated c-myc induced cancer development.33 

Additionally, it was established that HOTAIR activated 
the Wnt signaling pathway, and thereby participated in 
the progression of cell metastasis in esophageal squa
mous cell carcinoma.34 HOTAIR activation was also 
found to enhance the initiation and chemoresistance of 
ovarian cancer by activating the Wnt/β-catenin signaling 
in human ovarian cancer.35 Therefore, the current study 
assumed that silenced HOTAIR inhibited the Wnt/β- 
catenin signaling pathway.

Moreover, E-cadherin upregulation and N-cadherin and 
Vimentin downregulation were found in PC when 
HOTAIR or Wnt/β-catenin signaling pathway was inhib
ited which suggested that HOTAIR silencing attenuated 
the EMT development. The EMT was considered a key 
event in cancer metastasis, with increased cell motility and 
invasiveness, and loss of epithelial marker E-cadherin and 
gain of mesenchymal marker N-cadherin.36 Additionally, 
EMT was characterized by the up-regulated mesenchymal 
cell markers like Vimentin.37 Vimentin was confirmed to 
be a significant marker of EMT in regulating mesenchymal 
cell migration.38 A previously conducted study has estab
lished that decreased E-cadherin and increased Vimentin 
were closely positively correlated with diseases severity.39 

Another recent study displayed that HOTAIR played 
a significant role in promoting tumor cell invasion and 
metastasis by regulating EZH2 and suppressing 
E-cadherin in oral squamous cell carcinoma.40 

Furthermore, a previous study revealed that HOTAIR 
increased the expression of E-cadherin and decreased the 
expression of Vimentin, thereby attenuating cell prolifera
tion and cell invasion in human hypopharyngeal carci
noma cells.41 Additionally, it has been established that 
the Wnt/β-catenin signaling pathway played an important 
role in regulating cell fate and behavior during embryo
genesis, adult tissue homeostasis, and regeneration when it 
was inappropriately activated.42 The activation of the Wnt/ 
β-catenin signaling pathway promoted tumor growth and 
cell metastasis and EMT in non-small cell lung cancer.43 

Moreover, the enhancement of the Wnt/β-catenin signaling 
pathway has also been shown to contribute to the EMT in 
breast cancer.44 Herein, we considered HOTAIR silencing 
inhibited EMT in PC by suppressing Wnt/β-catenin signal
ing pathway.

Conclusion
Conclusively, the current study found that HOTAIR was 
overexpressed in PC, and it promoted EMT in PC through 
the Wnt/β-catenin signaling pathway. Additionally, the 
upregulation of E-cadherin and the downregulation of 
N-cadherin and Vimentin were found in PC when 
HOTAIR or the Wnt/β-catenin signaling pathway was 
inhibited which suggested that HOTAIR silencing attenu
ated the EMT development, thereby suppressing PC devel
opment. The study provided theoretical basis in PC and it 
may open a novel therapeutic target in PC treatment. 
However, more statistics are necessary to provide more 
credible results, and a more specific mechanism of 
HOTAIR in PC is waiting to be discovered.
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